Abstract. In this paper, a new simulation model of Rician fading channel is proposed. Based on an existing Rayleigh fading channel model, the new Rician model takes a zero-mean sinusoid with random phase as its line-of-sight component. First, the statistical properties of the new model are analyzed. It is shown that the probability density function of the Rician fading envelope and phase are independent of time, and they are in accordance with the reference model. The simulation results show that the second-order statistics of the new model approach the reference model and one existing Rician model with a small finite number of propagation paths and any Rician factor.
Introduction
Channel fading model simulators are always used in the laboratory to test communication system, because it costs less time and money than field trials. Rician fading channel is an important model of the radio channels. The Rician fading channel is composed of line-of sight component and Rayleigh fading channel. Rayleigh fading channel model is an important part. Many Rayleigh fading channel models have been proposed [1] - [8] . Jakes' model [2] is a simplified simulation model of the Clarke's model [1] , but because of the deterministic parameters of Jakes' model, it can't reflect the random, the generalized stationary and ergodicity of the channel, so it can't be used to generate multiple channels. Then Pop and Beaulieu employ random phase [3] based on the Clarke's model. In [4] - [8] , Chengshan Xiao and Yahong R. Zheng presents three Rayleigh channel models and their statistical properties and probability density function (PDF) of fading envelope and phase are analyzed in detail. Xiao and Zheng proposed a Rician Fading channel model [4] which takes a zero-mean sinusoid with pre-chosen angle of arrival and a random initial phase as line-of-sight component.
In the remainder of this paper a new Rician fading channel model is proposed based on the Rayleigh fading channel model in [5] and the structure of the model in [4] . We analyzed the PDFs of the fading envelope and phase, and the statistical properties of the new model. Then we give extensive simulations to evaluate the performance of new model compared with the Rician model in [4] and the reference model which employs Clarke's model as the Rayleigh channel.
New simulation models
A Rician Fading channel model proposed in [4] is taken as Model1 and given by
where K is the ratio of the specular power to scattered power, m f is the maximum radian Doppler frequence, and 0  and 0  are the pre-chosen angle of arrival and the random initial phase of the 
where N is the number of propagation paths, n  and n  are the angle of arrival and random initial phase of the nth propagation path. n  and n  are statitically indepent and uniformly distributed over
   for all n. It is pointed that when 8 N  , Model1's PDFs of fading envelope and phase and the second-order statistics are in very good agreement with the theoretical ones.
Another Rayleigh channel model is proposed in [5] given by
where M is one quarter of the number of propagation paths. 
where 0 ( ) J  is the zero-order Bessel function of the first kind [9] . The proof is similar to those given in [7, 8] , details are omitted for brevity. The autocorrelation and cross-correlation functions given by Eq.10 -Eq. 14 are independt of M, and they are same as the Model1's. And when M is not less than 8, the autocorrelation of the squared envelope has good approximation.
When M approaches infinity, the envelope '( ) Z t is Rician distributed and the phase is uniformly distributed over [ , )
, and their PDFs are give by
.
where 0 ( ) I  is the zero-order modified Bessel function of the first kind [9] . The proof is similar to those given in [5] , details are omitted for brevity.
The Figure 2 . PDF of the fading phase. Fig. 3 -Fig. 6 show the simulation results of the autocorrelations of the quadrature components, the cross-correlations of the quadrature components, and the autocorrelations of the complex envelope and squared envelope of the proposed simulator. The simulation results show that the second-order statistics of the new Rrician fading channel Model1 match the reference's and Model1's very well when M is as small as 8 and the Rician factor 0, 1, 7 K 
. If the value of M is increased, the results will be even closer. 
Summary
In this paper, a new Rician fading channel model is proposed based on the Rayleigh channel model in [5] and the structure of the model in [4] . We take Clarke's model as the Reyleigh channel part of the reference model when its number of sinusoids approaches infinity, and the Rician model in [4] is taken as Model1 as a comparison. The second-order statistics and the PDFs of the fading envelope and phase of the new model are analyzed in detail. The simulation results show that those statistics of the new model are in excellent greetment with the reference model and Model1 when the number of sinusoids is as small as 8 and whatever the Rician factor value is. And Model2 is as good as Model1 in all cases. Therefore, the new model can be used as Rician fading channel simulator in the laboratory.
